Abstract: The purpose of this study was to evaluate the Outcomes Assessment Information Set (OASIS) compared with the Probability of Readmission (P ra ) instrument for use in predicting rehospitalization during home care. Using logistic regression and receiver operating characteristic (ROC) curve analysis, the P ra instrument was found to be significantly better at predicting rehospitalization than the OASIS case mix weight, clinical, or service scores. The area under the curve (AUC) for the P ra was .686 compared with .549 for the OASIS case mix weight (p ¼ .010). Similar results were found for the OASIS clinical and service scores. The AUC for the function score of ! 2 (.599) provided the closest approximation to the P ra (.686), and the difference between the two was not statistically significant (p ¼ .120). The OASIS function score could be used to identify at-risk home care patients without having to also use the P ra instrument. ß
The current financial and manpower crises in health care require that clinicians and administrators carefully assign their scarce patient care resources to achieve the best outcomes. One desirable skill for those concerned with quality and cost is the ability to predict and prevent rehospitalization. Referral for skilled home care nursing on hospital discharge is one way to meet patients' continuing care needs and prevent rehospitalization (Martens & Mellor, 1997; Proctor, MorrowHowell, Li, & Dore, 2000) .
Once a referral to home care is made, many home care agencies at present lack a systematic, reliable method to identify patients at risk of rehospitalization. Generally, plans of care are based on individual clinical judgment and prescribed clinical pathways that do not differentiate between those who may need more intense services and those who may need less intense services to produce optimal clinical and financial outcomes. The ability to identify patients likely to benefit from specialized interventions would enhance care planning to prevent costly rehospitalization. For example, specific, targeted interventions such as care protocols provided by advanced practice nurse specialists could successfully prevent rehospitalization of at risk patients (Naylor et al., 1994 (Naylor et al., , 1999 .
The aim of this study was to compare the efficacy of the routinely collected Outcomes Assessment Information Set (OASIS) with the Probability of Readmission (P ra ) scale in screening patients for risk of hospital readmission during home care. All Medicare-certified home care agencies are mandated by the Centers for Medicare and Medicaid Services (CMS) to collect OASIS data on all Medicare patients. The OASIS is widely used in home care for assessment, care planning, monitoring, case mix adjustment, and outcomes measurement (Shaughnessy, Crisler, & Schlenker, 1998) , and CMS requires it to determine the rate of reimbursement for a particular patient and quality outcomes for agencies. However, it was not designed to predict rehospitalization rates. In outpatient settings the Probability of Readmission (P ra ) instrument is widely used for this purpose (Boult et al., 1993) . The OASIS and P ra contain many patient characteristics associated with readmission risk, such as severity of illness, medical diagnosis, functional status, social support, age, and prior resource use. It would be of added value if the OASIS data, already routinely collected, could also be used to guide clinical decision making by identifying patients at risk for rehospitalization, without adding another instrument such as the P ra .
In addition to promoting better outcomes for the patient, preventing hospital readmission helps to avoid negative consequences for the home care agency. Under the home care prospective payment system the agency receives a sum of money to care for a patient for 60 days based on the results of the OASIS completed on admission. If a patient is readmitted to the hospital from home care, the home care nurse must repeat the lengthy OASIS on discharge from home care to the hospital and again at readmission to home care. The agency also risks losing the patient to another agency on discharge, with a possible loss of the full 60-day Medicare reimbursement. Further, a hospital admission is costly, requiring additional Medicare reimbursement, with the concomitant implications for quality (Fortinsky, Madigan, & Tullai-McGuinness, 2000) . It would be beneficial for the patient and the home care agency to be able to identify patients at risk for rehospitalization in order to target expertise and other resources to meet care needs effectively.
The identification of patients at risk for poor discharge outcomes such as rehospitalization is an important area of research and of evidence-based practice. Many researchers have identified the characteristics of at-risk patients including age >70, female gender, chronic cardiac or respiratory problems, widowed, cognitive impairment, polypharmacy, poor self-rated health, and long length of stay or complications during a hospital stay (Anderson, Helms, Hanson, & DeVilder, 1999; Berkman, Walker, Bonander, & Holmes, 1992; Bowles, Naylor, & Foust, 2002; Kellogg, Brickner, Conley, & Conroy, 1991; Lagoe, Noetscher, & Murphy, 2001; Leiby & Shupe, 1992; Naylor et al., 1994) . The level of dependence in activities of daily living (ADLs) such as mobility, eating, bathing, and feeding is also a predictor of risk of rehospitalization (Redeker & Brassard, 1996; Reed, Buckner, & Pearlman, 1991) . Prior hospitalization has consistently been a strong predictor of subsequent hospitalization (Corrigan & Martin, 1992; Kellogg et al., 1991; Reed et al., 1991; Soeken, Prescott, Herron, & Creasia, 1991; Vinson, Rich, Sperry, Shah, & McNamara, 1990) .
Research on readmission for patients receiving skilled home care has been limited but is growing. Hospital readmission during home care was found to be more likely for cardiac surgery patients who had complications during their inpatient stay or who had functional deficits in ADLs (Redeker & Brassard, 1996) . Number of medications (seven or more) was similarly associated with increased risk of rehospitalization for patients older than 65 (Flaherty, Perry, Lynchard, & Morley, 2000) , as were reported previous hospitalizations, use of home health aide services, and short length of home care stay (Hoskins, Walton-Moss, Clark, Schroeder, & Thiel, 1999) . Anderson and colleagues (1999) found that chronic illness, including congestive heart failure (CHF), was the best indicator of hospital readmission from home care, and Happ, Naylor, and Roe-Prior (1997) found that social and behavioral factors contributed to the rehospitalization of heart failure patients. Other factors such as advanced patient age, stage or severity of illness, functional dependence, prior hospitalization, emergent admission, type of and length of care after discharge, numerous medications, and mobility status were also associated with readmission of CHF patients (Burns & Nichols, 1991; Hoskins et al., 1999; Shipton, 1996 Shipton, , 1997 . In addition, home care patients consistently experienced readmission rates 33% higher than other patients discharged from hospitals, making it even more important to identify those at risk (Lagoe et al., 2001) .
Although much is known about individual characteristics associated with hospitalization, this knowledge has not been synthesized into a standardized instrument that could be used in home care to identify patients at risk for rehospitalization. Results of the present study could provide guidance about using the OASIS and P ra instruments to identify patients at risk for rehospitalization and subsequently to match them with a targeted plan of home care.
METHOD Design
A cross-sectional design was used to compare the OASIS and P ra instruments in screening patients for risk of rehospitalization while receiving a 60-day episode of skilled home care.
Sample
The sample of 147 patients was obtained from a primary study comparing the effects on rehospitalization of traditional skilled home care (n ¼ 88) with two types of telehome care: home care with televideo visits (n ¼ 24) or home care with telephone follow-up (n ¼ 35). The university institutional review board and the home care agency approved the primary study. All identifying information was removed, and no new information was collected for this analysis; therefore, this secondary analysis met the criteria for exemption from further review, as determined by the institutional review board.
The criteria for eligibility to participate in the study were: age 65 or older; admitted to a large urban home care agency in the Northeast with a primary or coexisting diagnosis of CHF; able to hear, see, and answer questions; having a telephone in the home; and being insured by Medicare. All eligible patients were assessed using the OASIS, as is the usual practice in home care. They were also screened using the P ra instrument in order to stratify them into risk groups for the primary study. This provided a sample of patients with data from both screening instruments. The entire sample was 70% female, 42% Black, 21% Caucasian, and 1% Hispanic; the average age was 78. The majority of patients, 77%, rated their health as fair or poor, and 29% were rehospitalized within 60 days of home care admission. The average P ra score was .52 (range of .15-.75); and the average case mix weight was 1.39 (range .52-2.86). The majority had clinical OASIS scores showing minimum or low severity; 35.5% had a score of 0 (minimum) and 40.6% a score of 1 (low). More than two thirds (67%) scored !2 (moderate severity or worse) for function. The service domain showed that 90% of the sample scored 2 (moderate) and below.
Instruments
Oasis. Since October 2000 the Health Care Financing Administration (HCFA), now known as the Centers for Medicare and Medicaid Services (CMS), has mandated collection of the OASIS from all Medicare patients on home care admission, transfer, and discharge and every 62 days if the patient remains in home care. The OASIS is an instrument used by home care clinicians to assess patient status in three domains, using 14 clinical items (medical diagnoses, services received in home, vision, pain, wounds, multiple pressure ulcers, stage and status of ulcers and/or wounds, shortness of breath, incontinence, presence of an ostomy, and behavioral problems), six functional items (dressing upper and lower body, bathing, toileting, transferring, and locomotion), and two service-related items (origin of discharge prior to home care and need for physical therapy; Shaughnessy et al., 1998) . The OASIS assessment categorizes patients according to severity levels in each domain. The clinical and service domains each have four levels: minimum (0), low (1), moderate (2), and high (3). The functional domain has five levels: minimum (0), low (1), moderate (2), high (3), and max (4). The domain scores also generate a case mix weight set by CMS that is used to calculate the amount of reimbursement received by the agency. It ranges from .5265 to 2.8113, with higher scores associated with poorer clinical, functional, and service scores. Each of the domain scores and the case mix weight were used in this analysis as predictor variables for rehospitalization.
The staff educator at the home care agency used case studies to train registered nurses and physical therapists in how to use the OASIS instrument. Individual managers observed their assessments in the patients' homes to determine adequate consistency in scoring. The agency nurses who participated in this study achieved interrater reliability ratings of 83%. Neal (2000) reported an interrater reliability of .60, and achieved internal consistency of .86 and .91, respectively, on admission and discharge for the functional domain. Nunnally and Bernstein (1994) suggested that an alpha of at least .70 is acceptable for a new scale. Shaughnessy, Schenkler, and Hittle (1995) reported kappa scores on the functional domain items ranging from .61, for feeding, to .78, for grooming. Madigan & Fortinsky also reported kappa scores of .41 to 1.0 for functional domain items and .54 to 1.0 for clinical domain items. Kappa scores provide a measure of the extent of agreement beyond chance (Brennan & Hays, 1992) . Moderate (.41-.60), substantial (.61-.80), or almost perfect scores ( >.81) are considered acceptable (Kerr, 1994) .
P ra instrument. The P ra instrument is an eightitem questionnaire used in research and clinical practice to assess factors shown to predict rehospitalization more than once within four years (Boult et al., 1993) . The patient's answers to eight questions on demographics (age, gender), health (self-rated health, presence of diabetes and heart disease), social support (presence of a caregiver), and service utilization (number of doctor visits and hospitalizations in last 12 months) were scored according to a logistic equation. The resulting P ra score was a value between 0 and 1, with higher values indicating higher probability of readmission. In other studies it was found that Medicaid patients and managed care patients (Pacala, Boult, Reed, & Aliberti, 1997) , with P ra scores !.50 were rehospitalized at twice the rate of patients scoring < .50. The P ra instrument has been used to identify communitydwelling patients at risk of rehospitalization or to target special services . A high test-retest reliability (k ¼ .78) has been reported by others (Boult, Boult, Pirie, & Pacala, 1994) and was not repeated for this study. However, interrater reliabilities were checked during training between the principal investigator (PI) and the project manager who administered the instrument for five patients with 100% agreement, and the procedure for calculating the P ra score was spot-checked each month by the PI during the study period.
Procedure
Based on the usual home care admission procedures, all patients were assessed in person by the admitting registered nurses using the OASIS instrument. Each day the registered nurse project manager of the primary study checked the admission log for patients 65 and older admitted with CHF as one of the top three admitting diagnoses. Eligible patients were called or visited, the study was explained to them, and their verbal permission to be screened using the P ra was obtained . Answers to the eight questions were obtained and scored by the nurse project manager according to a logistic regression equation to calculate the P ra score (Boult et al., 1993) . Patients were asked to consent for the primary study. Those who scored .50 or higher on the P ra were randomized to receive a form of telehome care, either home care plus video visits or home care plus telephone reassurance calls. Patients with scores less than .50 or those who were not eligible for the telehome care groups (e.g., hard of hearing, blind, no phone, cognitively impaired) received the usual home care. For this study patient data from all groups were combined, and any differences between groups were statistically controlled as described below. The project manager collected data on rehospitalization from a patient's home care record at the end of the 60-day episode. This procedure provided data from both instruments on all study participants.
Data Analysis
For the first part of the analysis, the demographic characteristics of the telehome care and usual care groups were compared. In all statistical models used in the present study, a term for group (telehome care vs. usual care) was included in each model in order to control for the effect of group membership on the predictive validity of each instrument for rehospitalization.
Second, the performance of the P ra score and the OASIS case mix weight, clinical, functional, and service scores was assessed for accuracy in predicting rehospitalization. Statistical significance was set at p < .05 (in figures significance <.01 is indicated by two asterisks [ ÃÃ ]). A series of logistic regressions were performed to measure the area under the curve (AUC) for the receiver operating characteristic (ROC) curve for each diagnostic test. This was done separately for each of the domain scores of the OASIS (clinical, function, and service, as well as case mix weight) and for the overall P ra score. A ROC curve plots the sensitivity of the test (the proportion of true positives, or accurately predicting a rehospitalization) versus specificity (the proportion of false positives, or OASIS AND P RA / BOWLES AND CATER predicting a rehospitalization when the patient was actually not rehospitalized) over a series of cut points. When the predictive accuracy of the test is equal to chance (a 50% success score), the ROC curve lies along a 45-degree line (the dotted line on the graph, Fig. 1 ). As the accuracy of the test improves, the ROC curve moves up and to the left from the 45-degree line. The area under the ROC curve (AUC) measures the probability that a randomly selected participant who actually was rehospitalized has a greater probability of being classified as a rehospitalization compared with a randomly selected participant who was not rehospitalized. The AUC is therefore a summary measure of predictive value across all possible cut points of the prediction index.
Third, the ROC curve for the P ra instrument was compared to the ROC curve for each domain of the OASIS instrument to assess relative differences in the ability to predict rehospitalizations using a test for correlated data (DeLong, DeLong, & ClarkPearson, 1988) . Finally, sensitivity and specificity estimates were computed for cut points of the P ra and OASIS scales (McNeil, Keeler, & Adelstein, 1975; Soz, Blatt, Higgins, & Marion, 1988) . Table 1 summarizes the characteristics of the entire sample. A comparison of the telehome care and usual care groups showed that they differed statistically on prior hospitalizations (p < .001), with the telehome care group having more prior hospitalizations (37% versus 12%, respectively, hospitalized three or more times) and more social support (97% versus 67%, respectively, lived with a caregiver, p < .0001) as well as more subsequent hospital admissions since home care (37% versus 23%, p ¼ .05). Thus, to control for these differences, a stratified analysis (Fleiss, 1986; Hosmer & Lemeshow, 1989) was performed by including a term for group in all subsequent models. Because the telehome care group had P ra scores restricted to .50 or above, neither a test for interaction between group membership and P ra score nor comparative analyses by subgroup (usual or tele-home care) was warranted. Rather, a term for group membership was included in all models. Figure 1 shows the ROC curves generated by logistic regression for the P ra score versus the OASIS case mix weight. The P ra instrument was better at predicting rehospitalization than the OASIS case mix weight. The AUC for the P ra instrument was .686, compared with an AUC of .549 for the OASIS case mix weight. A power analysis showed a power of .75 to detect an AUC of at least .58, given the empirical P ra estimate of .69 (Obuchowski, 1994) . The ROC curve for the OASIS case mix weight indicated that its ability to predict rehospitalization was not much better than chance. In addition, a test for differences in ROC curves for correlated data showed that the difference in AUCs was statistically significant (p ¼ .01) between the two instruments. Similar results were found for the OASIS clinical and service scores, as can be seen in Figures 2 and 3 . The OASIS function score most closely approximated the ability of the P ra instrument to predict rehospitalizations (Fig. 4) . The AUC for the function score (.599) was closest to the AUC for the P ra score (.686), and the difference between the two ROC curves was not statistically significant (p ¼ .12). This relative similarity in predicting rehospitalizations was also supported by the sensitivity and specificity for various cut points for each of the instruments, which are summarized in Table 2 . It appeared that using a cut point !2 for the OASIS function score resulted in sensitivity and specificity estimates similar to those found using the P ra instrument. For the P ra instrument, a cut point of .50 resulted in sensitivity of 85.7 and specificity of 40.0. The P ra instrument accurately detected 85.7% of the patients who would be rehospitalized, whereas it identified 1À.40, or 60.0%, as false positives (identifying patients as at risk for rehospitalization who were not subsequently rehospitalized). For the OASIS function score, sensitivity was 77.1, and specificity was 35.9. The OASIS function score accurately detected 77.1% of the patients who subsequently would be rehospitalized, while identifying 1 À .359, or 64.1%, as false positives.
RESULTS

DISCUSSION
Although far from perfect, study results suggest that the P ra and the function score of the OASIS were helpful in predicting which patients were likely to be rehospitalized. The P ra performed better than the OASIS because it was both more sensitive (85.7%) and more specific (40.0%) in predicting who would be rehospitalized. If agency personnel could obtain the data for the P ra on all admissions, the P ra might more effectively assist them in identifying patients at risk for rehospitalization. The P ra takes approximately 5 min to complete and another 5 min to score once the logistic formula is set up in a spreadsheet. However, agencies may feel confident using a functional domain score !2 because, although it was not as sensitive (77.1%) or specific (35.9%) as the P ra, the difference was not statistically significant. Findings suggest clinicians could use the OASIS function score and avoid adding another data collection instrument until a better instrument is developed or this research is further refined.
In general, the P ra instrument may have performed better than the OASIS because it included prior hospitalization as one of the more heavily weighted factors in the regression formula that FIGURE 1. ROC curves for P ra scores and OASIS case mix score (N ¼ 147).
OASIS AND P RA / BOWLES AND CATER determined the P ra score. Several investigators have shown the importance of prior hospitalization in predicting the likelihood of future hospitalization (Corrigan & Martin, 1992; Kellogg et al., 1991; Reed et al., 1991; Soeken et al., 1991; Vinson et al., 1990) . In the OASIS prior hospitalization results in a lower score than if a patient came from a skilled nursing facility or a rehabilitation facility. Therefore, the effect of prior hospitalizations is attenuated in the OASIS score.
The OASIS domains and case mix weight used in this study do not include all the items in the full OASIS instrument, which includes other clinical, financial, family, social, and environmental factors comparable to those that Winograd et al. (1991) and Soeken and colleagues (1991) suggested may play a role in predicting hospital utilization. Perhaps the predictive value of the OASIS would improve if the additional items were analyzed versus the case mix weight and clinical, function, and service domain scores. Only the domain and case mix scores were used in this study because we believe that, unlike the individual OASIS items, these summary scores would be more convenient and readily available for a clinician to use in practice. One potential study that could build on this one might be an analysis that included all the OASIS items for patients with function scores of 2 or more. Such an analysis might identify a more defined set of factors, which could result in FIGURE 2. ROC curves for P ra scores and OASIS clinical score (N ¼ 147).
FIGURE 3. ROC curves for P ra scores and OASIS service score (N ¼ 147).
improved specificity because, depending on the cost and intensity of services targeted to these patients, a false positive rate of 64.1% achieved using only the OASIS function domain may not be acceptable.
Study findings may guide future research by identifying patients in need of further screening. An agency could use an OASIS function score !2 to identify those patients with whom they would like to use the P ra . Employing the P ra in this manner would increase efficiency by starting off with a set of patients likely to score greater than .50 on the P ra . Subsequent use of the P ra would increase the ability to identify patients at risk and in need of targeted interventions. The range of P ra scores could guide stratification of patients into risk groups (e.g., .50-.75, moderate risk, .76-100, high risk). These patients could receive more intense home care or the specialized services of advanced practice nurses to perhaps break the disruptive cycle of readmissions back and forth between home care and acute care.
This study was limited to patients admitted to one home care agency in southeastern Pennsylvania with CHF as a comorbid condition and may not reflect the general population of CHF or home care patients. The time frame for rehospitalization was limited to 60 days, which may not be the ideal length of time for capturing the most accurate prediction. The P ra was designed to predict risk of rehospitalization for a period of 4 years. Perhaps our duration of 60 days did not adequately match the duration most sensitive to prediction by the P ra , and a longer period is needed to improve accuracy. OASIS AND P RA / BOWLES AND CATER However, Anderson et al. (1999) suggested that 2-3 weeks after home care admission is the most common time for rehospitalization, and our time frame was even longer than that period. Finally, a subsequent study using a larger sample could be helpful in refining the estimates of predictive accuracy, resulting in a more concise confidence interval around the AUC estimates. Both instruments are helpful in predicting which patients are likely to be rehospitalized. Clinicians might apply the information by performing a more frequent or comprehensive assessment for the early symptoms of heart failure in patients who score more than 2 in the function area of the OASIS and .50 or higher on the P ra , if used. They might also target specialized interventions, such as more intense teaching, monitoring, or personal contact with these patients. The sensitivity of both the P ra and OASIS function scores was generally good, underscoring the value of these instruments in helping administrators and clinicians target services to those most in need. This study provides a first attempt to compare the OASIS and P ra scores in order to guide clinical decision making in home care. Study findings encourage further research to explore the usefulness of these instruments by analyzing individual OASIS items and varied time frames for rehospitalization, using these findings to guide stratification in future studies, as well as testing the instruments with larger samples and with patients with diagnoses other than congestive heart failure.
